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POROUS HYDROPHILIC POLYOLEFIN FILM AND ITS PRODUCTION 



PURPOSE- To impart hydrophilicity of excellent durability to a porous polyolefin film by 
selectively plasma-treating the surface part of the film to render it active and hydrophilic 
and treating the surfaces of the throughpores of the film with a hydrophilic agent. 

CONSTITUTION: The surface part of a porous polyolefin film of a thickness of 1-25fim 
(desirably a high-MW polyethylene of an Mw of 1x10 6 -15x10 6 
and desirably of a throughpore diameter of 0.001 -0.5u.rn) is plasma-treated in the 
presence of an oxygen-containing active gas or an inert gas such as nitrogen or argon to 
form an active layer of a wetting index >54dyn/cm on the film. The plasma treatment is 
performed under conditions including a pressure of 10" 2 -10 1 Torr, 
a microwave power of 0.1 -1kW, a treatment time of MOOsec and their product of 2-40, 
desirably 4-20 in the case of an active gas, or a microwave power of 0.5-5kW, a treatment 
time of 10-1000sec and their product of 200-1000, desirably 250-800 in the case of an 
inert gas The throughpores of this treated film are wetted with a hydrophihc orgamc 
solvent or treated with a surfactant solution to convert the film into a porous hydrophilic 
polyolefin film. 
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1. Title of the Invention : HYDROPHILIC POLYOLEFIN POROUS FILM 

AND METHOD OF MANUFACTURE THEREOF 

2 . Claims 

1. A hydrophilic polyolefin porous film, characterized by 
the fact that an activated layer with a wetting index of 54 
dyne/cm or more of a plasma treatment is provided as a surface 
layer part of a polyolefin porous film with a thickness of 1-25 
lira; and a hydrophilic organic solvent or its aqueous solution/ 
water, or surfactant are provided to the surfaces of through 
holes of said porous film. 

2. A method for manufacturing a hydrophilic polyolefin 
porous film, characterized by the fact that the surface layer 
part of a polyolefin porous film with a thickness of 1-25 ^m is 
plasma- treated in the presence of an active gas under the 
conditions of (A) a microwave output of 0.1-1 KW, (B) a treatment 
time of 1-100 sec, and its product (A) x (B) of 2-40; and the 
through hole surface of said film treated is wet-treated with an 
organic solvent or substituted by water after wet-treating with 
an organic solvent or treated with a surfactant solution. 



Numbers m the margin indicate pagination in the foreign text. 
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3. A method for manufacturing a hydrophilic polyolefin 
porous film, characterized by the fact that the surface layer 
part of a polyolefm porous film with a thickness of 1-25 ^m is 
plasma- treated in the presence of an inert gas under the 
conditions of (A) a microwave output of 0.5-5 KW, (B) a treatment 
time of 10-1,000 sec, and its product (A) x (B) of 230-1,00j; and 
the through hole surface of said film treated is wet-treated with 
an organic solvent or substituted by water after wet-treating 
with an organic solvent or treated with a surfactant solution. 

3 . Detailed explanation of the invention 

( Industrial appl ioat ion field.} 

The present invention pertains to a hydrophilic polyolefin 
porous film with excellent durability to which a hydrophi 1 i city 
is given, and its manufacturing method. 

(Prior art) 

Since the polyolefin porous film has excellent mechanical 
properties and chemical resistance, its application is rapidly 
broadened in various kinds of fields. However, since the porous 
film composed of polyolefin is hydrophobic, if it is used in 
water treatment, etc., a hydrophilic treatment is required. /2 

As conventional hydrophilic methods of the polyolefin porous 
film, (1) a method that wet-treats pores of the film with an 
organic solvent such as alcohol with good compatibility with 
water and substitutes the organic solvent by water, (2) a method 
that adsorbs a hydrophilic substance such as surfactant to the 
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surface of the porous film, (3) a method that irradiates the 
porous film with a radiation in a state in which a hydrophilic 
monomer is held or a method that irradiates the porous film with 
a radiation and contacts it with a hydrophilic monomer (Japanese 
Kokai Patent Application Nos . Sho E 0 [1975] -98568, Sho 59[19E4]- 
160504, Sho 61 [1986] -1C664C, and Sho 62 [ 1987] - 163 70 3 ) , etc., are 
known . 

However, In the organic solvent -wetting/water- substituting 
method (1), once the water in the pores of the film is 
discharged, since the part is returned to the hydrophobioity and 
the water permeability is lowered, it is necessary to always fill 
the part with water or to be re -subjected to a hydrophilic 
treatment. Also, in the physical adsorption method (2), if the 
film is used over a long term, since the hydrophilic substance is 
separated, the method is not necessarily a sufficient hydrophilic 
method. Furthermore, in the chemical modifying method of the 
film surface of (3), since the mechanical strength is decreased 
by the degradation of the film material due to the radiation: 
irradiation required for a sufficient graft polymerization and 
the porous surface state is extremely changed by the polymer of 
the monomer, the substance separability is changed, so that the 
clogging resistance or stain resistance are lost. Furthermore, 
the separability is lowered by the change of the hole diameter 
due to a high swelling of the film in water. 
(Problems to be solved by the invention) 

The purpose of the present invention is to provide a 
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oolyclefm porous film with good durability, to which a 
hydrcphilici ty is given without damaging the mechanical 
properties, chemical resistance, and separability of the 
polyolefm porous film, and its manufacturing method. 
(Means to solve the problems) 

These inventors variously reviewed the above-mentioned 
hydrophilic polyolefin porous film with excellent durability. As 
a result, it was discovered that the purpose of the present 
invention was achieved by combining an activating and hydrophilic 
treatment of only the surface layer part of the polyolefin porous 
film through a selective plasma treatment with a water-soluble 
organic solvent wet -treatment or a treatment of a water 
substitution or hydrophilic treating agent such as surfactant 
solution . 

In other words, the hydrophilic polyolefin porous film of 
the present invention is characterized by the fact that an 
activated layer with a wetting index of 54 dyne/cm or more of a 
plasma treatment is provided as a surface layer part of a 
polyolefin porous film with a thickness of 1-25 fim; and a 
hydrophilic organic solvent or its aqueous solution, water, or 
surfactant are provided to the surfaces of through holes of said 
porous film. 

Also, (1) the method for manufacturing the hydrophilic 
polyolefin porous film is characterized by the fact that the 
surface layer part of the polyolefin porous film with a thickness 
of 1-25 fiva is plasma- treated in the presence of an active gas 



under the conditions of (A) a microwave output of 0.1-1 KW, ;3; a 
creatmen: time of 1-1C0 se: ( and its product (A; x ( B ■ cf 1-40; 
and the through hole surface of said film treated is wet -treated 
with an organic solvent or substituted by water after wet- 
treatmg with an organic solvent or treated with a surfactant 
solution. Also, (2) the methcd for manufacturing the above- 
mentioned hydrophilic poiyolefm porous film is characterized by 
the fact that the surface layer part of the poiyolefm porous 
film is plasma- treated in the presence of an inert gas under the 
conditions of (A) a microwave output of 0.5-5 KW , (B) a treatment 
time of 10-1,000 sec, and its product (A) x (B) of 200-1,000; and 
the through hole surface of said film treated is wet -treated with 
an organic solvent or substituted by water after wet-treating 
with an organic solvent or treated with a surfactant solution. 

Next, the present invention is explained in detail. 

As the polyolefin porous film being used in the present 
invention, a crystalline homopolymer or copolymer in which 
ethylene, propylene, 1-butene, 4 -methyl - 1 -pentene , 1-hexene, 
etc., are polymerized is mentioned. Among them, a superhigh- 
molecuiar polyethylene mainly composed of ethylene with a weight 
average molecular weight of 5 x 10 5 or more, especially 1 x 10'-- 
15 x 10' ; is preferable in molding a porous film with high elastic 
modulus, high strength, and fine through holes at high porosity. 

The polyolefin porous film can be manufactured as follows, 
for instance . 

1-10 wt% of the above-mentioned polyolefin is heated and 



dissolved in a nonvolatile solvent such as paraffin oil, so that 
a solution is prepared. Next, the polyolefm solution is 
extruded in a sheet shape from a die being appropriately select eo 
or extended on a support and cooled to a gelation temperature or 
lower, preferably a temperature of 15-20°C at a rate of at least 
50 o C/mm in a water bath, air bath, or solvent, so that a gel- 
state sheet is molded. The thickness of the gel -state sheet is 
usually molded at about 0.1-5 mm. 

Next, the solvent is remove from the gel -state sheet by a 
method that extracts the solvent by dipping into an easily 
volatile solvent such as methylene chloride and dries it, a 
heating method, or a combined method of these methods. The 
amount of solvent being removed from the gel -state sheet is at 
least 10 wt% relative to the solvent being included, and the 
solvent removal treatment in which the polyolefin being included 
in the gel-state sheet is 10-90 wt%, especially 10-60 wt% is 
preferable in terms of stretch at a high magnitude. 

The gel -state sheet after removing the solvent is heated and 
biaxially stretched at a prescribed magnitude by an ordinary 
tenter method, a roll method, a drawing method, or a combination 
of these methods. The stretch temperature is the melting point 
of the polyolefin + 10°C or lower, preferably in a range from the 
crystal dispersion temperature to the melting point. Also, the 
stretch magnitude is at least twice or more, preferably 5-2C 
times in a uniaxial direction and 10 times or more, preferably 
25-400 times at a face magnitude in terms of acquisition of a 



film with a high elasticity, a high strength, and a large 
porosity of fine through holes. 

For the stretched molded product obtained, the remaining 
solvent is extracted and removed until less than 1 wt% by dipping 
into an easily volatile solvent, and after evaporating the 
solvent is evaporated, the molded product is dried. 

Such a method for manufacturing the polyolefm porous film 
is presented in Japanese Kokai Patent Application Nos . She 
60 [1985] -242035 and Sho £ 1 [ 1 9 8 6 ] - 1 0664 0 . 

It is necessary for the thickness of the polyolefir. porous 
film in the present invention to be in a range of 1-25 /im to make 
only the surface layer part (surface and back face) hydrophilio 
in the thickness direction of the film by selectively applying an 
activation treatment (treating layer/unt reat ing layer/ treat mg 
layer) . If the film thickness is less than 1 /im, the rupture 
strength of the film is considerably decreased by the activation 
treatment (also called a primary treatment), so that the film 
cannot withstand various kinds of water treatment purposes. On 
the other hand, if the film thickness exceeds 25 /im, although the 
hydrophilicity of the film surface can be obtained in the primary 
treatment, the activation treatment is insufficient, and m the 
water permeation after the hydrophilic treatment of the porous 
surface of the film by a hydrophilic agent, the wet state cannot 
be maintained in the use over a long term, and the water 
permeability is slowly lowered. 

Also, the through hc-ie diameter of the polyolefm porous 



film is preferably in a range of 0.001-0.5 /iir.. If the through 
hole diameter of the polyolefin porous film is extremely large, 
the advance frequency of the plasma into the through holes is 
raised in said plasma treatment, so that the entire layer in the 
through holes is plasma-treated. Thereby, it is difficult tc 
selectively apply the activation treatment to only the surface 
layer part of the surface and back face at the thickness side of 
the film. On the other hand, if the through hole diameter is 
extremely small, the water permeation rate is insufficient at a 
low operation pressure of about 1 atm, even after the hydrophilic 
treatment, which is not preferable. 

The primary treatment of the plasma treatment of the 
polyolefin porous film in the present invention is carried out by 
contacting the above-mentioned polyolefin porous film in the 
presence of an oxidizing gas such as an active gas in which 
oxygen or a mixed gas of oxygen and nitrogen, air, argon, helium, 
etc., is excited or in the presence of an inert gas such as 
nitrogen, argon, and helium by high-frequency discharge, 
microwave discharge, etc. Also, the film treated in the presence 
of the inert gas can be activated by contacting with the air 
after treating . 

As the treatment conditions, the pressure is 10"-10 : ton, 
and (1) in the presence of the active gas, the product of a 
microwave output (A) of 0.1-1 KW and a treatment time (B) of 1- 
100 sec is in a range of (A) x (B) = 2-40, preferably 4-20. 
Also, (2) in the presence of the inert gas, the product of a 
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microwave output (A) of :.5-5 KW and a treatment time cf 10- 

1,000 sec is in a ranee of (A) x (B) = 2C:-I,0C0, preferably 25C 
800. If (A* x (B) of the treatment conditions does not meet the 
above-mentioned range, the wetting index of the film surface does 
net reach 54 dyne/cm or more, and the hydrophi 1 ici ty cf the film, 
surface is insufficient. On the other hand, if the treatment 
conditions exceed the above-mentioned range, though the 
hydrophilici ty for only obtaining a water permeability can oe 
realized without obtaining the hydrophilici ty of the porous part 
surface in the next hydro-philic treating agent, the mechanical 
strength of the film is decreased, and the film is highly swollen 
m water, so that the substance separability due to the expansion 
of the hole diameter of the pores is lowered. 

The activation of only the surface layer part of the 
polyolefm porous film by the plasma treatment of the present 
invention can be confirmed by observing the color generation of 
the surface layer part of the film by an optical microscope after 
dyeing the cross section of the film after the plasma treatment 
with a dye material such as anthraquinone blue SWF. The color is 
generated by dyeing using the reaction of the amino group and the 
carboxyl group being generated in the polyolefin porous film by 
said plasma treatment and the anthraquinone blue SWF. In said 
plasma treatment, if the product (A) x (B) of the output (A) and 
the treatment time (B) does not meet the range of the present 
invention, the color generation due said dyeing cannot be 
recognized or insufficient in the surface layer part of the cross 
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section of said polyolefm porous film. On the other hand, if 
the output (A) x the treatment time (B) exceeds the range cf the 
present invention, the color generation due to said dyeing is 
recognized in the entire layer of the cross section of said 
polyolefm porous film. 

Next, in the polyolefin porous film after the plasma 
treatment, its porous part surface is subjected to a hydrophilic 
treatment (also called a secondary treatment) of the through hole 
surface of the film by (a) a treatment method using a hydrophilic 
organic solvent or its aqueous solution, (b) an organic solvent 
wetting/water substitution method, or (c) a surfactant adsorption 
method . 

As the above-mentioned treatment method using a hydrophilic 
organic solvent or its aqueous solution (a) and the organic 
solvent wetting/water substitution method (b) , a method that 
impregnates the pores in the film with a water-soluble organic 
solvent or impregnates the pores with an organic solvent and 
substitutes the organic solvent by water is mentioned. As the 
organic solvent, alcohols, ketones, esters, ethers, organic 
acids, amide group solvents, etc., are mentioned. These organic 
solvents may be used alone or as a mixture of two kinds or more 
or as an aqueous solution. Among the above-mentioned organic 
solvents, alcohols such as methyl alcohol, ethyl alcohol, 
ethylene glycol, and glycerin having good compatibility with 
water are preferable, and in particular, an aqueous solution 
containing 50 wt% or more ethyl alcohol is preferable. 



As the surfactant adsorption method (c) , the film is dipped 
intc a surfactant solution or a mixed solution, or these 
solutions are sprayed on tne film. As the surfartant, ani^nir 
surfactants such as carfcoxylate , sulfonate, sulfuric ester, 
phosphoric ester, and phisphonate , cationic surfactants su^h as 
amine salt, quaternary ammonium salt, phosphonium salt, ana 
sulfonium salt, amphoteric surfactants containing anions and 
cations such as N, N- dimethyl -N-alkyl -N- carboxymet hyl ammonium 
betame, and N,N-dialkyl ammoalkylene carboxylate, nonionr: 
surfactants such as fatty monoglycenn ester, fatty polyglyccl 
ester, fatty sorbitan ester, fatty sucrose ester, fatty alkanol 
amide, and polyethylene glyotd condensate can be menticned. 
Also, these surfactants may be used in combination of two kinds 
or more. The concentration of the surfactants is preferably G . 1 
wt% or more, more preferably 1 wt % or more and is dissolved or 
mixed in water or alcohols. At that time, a deliquescent 
inorganic salt may also be combined. 

In the above-mentioned treatment (a) using a hydrophilic 
organic solvent or its aqueous solution, organic solvent 
wetting/water substitution method (b) , or surfactant adsorption 
method (c) , the water permeability can be rendered by making the 
through hole surface of the film hydrophilic in addition to the 
hydrophil icity of the surface layer part of the polyolefm porous 
film by the above-mentioned plasma treatment. 

Next, the present invention is explained in detail by 
application examples. Also, testing methods m the application 
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examples are as follows. 

(1) Tensile rupture strength: ASTM D 882 
{2} Wetting index: JIS K 6768 

(3) Pure water permeation rate before a hydrophilic treatment: 
The film was assembled into a flat film module, subjected to a 
hydrophilic treatment by permeating a mixed solution of distilled 
water/ethanol (a volume ratio of 50/50) into it, and sufficiently 
washed with distilled water. Then, when a water pressure of 380 
mmHg was applied to it, the amount of filtrate permeated was 
measured . 

(4) Pure water permeation rate after the hydrophilic treatment 
(primary or secondary treatment) : The hydrophilic- treated 
(primary or secondary treatment) film was assembled into the fiat 
film module and sufficiently washed with distilled water, and 
when a water pressure of 380 mmHg was applied to it, the amount 
of filtrate permeated was measured. 

(5) Pure water permeation rate after contacting with the air: The 
film after the hydrophilic treatment (primary or secondary 
treatment) was dipped into water, contacted with the air for 1 h 
by an air pump, and sufficiently washed with distilled water, and 
when a water pressure of 380 mmHg was applied to it, the amount 
of filtrate permeated was measured. 

(6) Fractionated molecular weight: Using the module described in 
the above-mentioned (3) , (4) , and (5) , when an aqueous solution 
of 0.05 wt% Pullulan (made by Showa Denko K.K., saccharides with 
a molecular weight of 100,000, 186,000, and 380,000) was 

13 



circulated at a differential pressure of 38C mmHg, the 
:oncentra:ion of the Fullulan being included m the filtrate was 
attained from the measurement of the differential refractive 
index and calculated by the following equation. 

Inhibition rate of saccharides = {l - (Pullulan 
concentration in the f lltrate/Pullulan concentration in the 
raw solution)} x 100 

The molecular weight showing the inhibition rate of 90% was 
attained from a molecular fractionation curve. 

(7) Dyeing of plasma - 1 reated part: The plasma - treated polyolefin 
porous film was dipped into an aqueous solution containing 0.2 
wt% anthraqumone blue SWF and 0.2 wt% acetic acid, boiled for 5 
min, and washed with water containing a surfactant. For the 
polyolefin porous film obtained, it was observed by a microscope 
(x 1,500 times) that the activated part (hydrophilic part) was 
deeply dyed. 
Referential Example 1 

An antioxidant of 2 , 5 -di - t -butyl -p - cresol ( "BHT" : trade 
name, made by Sumitomo Chemical Co., Ltd.) at 0.12 5 part by 
weight and tetrakis [methylene - 3 - (3, 5-di - 1 -butyl -4 -hydroxyphenyl ) 
propionate] methane ("Iruganox 1010": trade name, made by Chiba 
Gaigisha) at 0.25 part by weight was added to a mixed solution o 
40 wt% polyethylene with a weight average molecular weight 
(Mw(bar)) of 2 x 1CT and 96.0 wt% flow paraffin (64 cst/40°C\ at 
100 parts by weight and mixed. The mixed solution was filled 
into an autoclave with a stirrer and stirred at 200 C C for 90 min 



so that a uniform solution was obtained. 

The solution was filled into a heated mold and rapidly 
cooled tc 15°C, so that a gel-state sheet with a thickness of 4 
mm was melded. 

The gel-state sheet was dipped for 60 mm into 250 ml 
methylene chloride and attached to a smooth plate, and in this 
state, the sheet was dried by evaporating the methylene chloride, 
so that an original sheet with a flow paraffin content of 85.0 
wt % was prepared . 

The original sheet obtained was cut into 9x9 cm, set to a 
biaxial stretcher, and simultaneously biaxially stretched at a 
temperature of 115°C, a stretch rate of 30 cm/min, and 10 x 10 
times. The stretched film obtained was washed with methylene 
chloride, and after extracting and removing the residual flow 
paraffin, the film was dried and thermally set at 120°C, so that 
a superhigh-molecular polyethylene porous film with a thickness 
of 4 yum was obtained. 

The characteristics of the polyethylene porous film obtained 
were shown in Table I . 
Referential Examples 2-5 

Similarly to Referential Example 1 except for setting the 
manufacture conditions as shown in Table I in Referential Example 
1, superhigh-molecular polyethylene porous films were 
respect i vely obtained . 

The characteristics of the polyethylene porous films 
obtained were shown in Table I . 

1 5 
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Referential Example No. 




2 . 


Manufacture conditions 




3 . 


Characteristics 




4 . 


Thickness of gel-state sheet (mm) 




5 . 


Flow paraffin content of original plate 


(wt % ) 


6 . 


Stretch magnitude, vertical x horizontal 


( t imes 


7 . 


Stretch temperature (°C) 




8 . 


Film thickness (jum) 




9. 


Tensile rupture strength, 15 mm in width 


(kg) 


10 . 


Average hole diameter (/am) 




11 . 


Wetting index (dyne/cm) 




12 . 


Water permeation rate (l/m 2 h-atm) 




13 . 


After secondary treatment 




14 . 


After air contact 




15 . 


Water permeation rate (l/rrrh-atm) 




16 . 


Fractionated molecular weight (10 4 ) 




17 . 


Water permeation rate (l/m 2 h-atm) 




18 . 


Fractionated molecular weight (x 10 4 ) 





Application Example 1 

The polyethylene porous film of Referential Example 1 was 
washed with hexane, dried, and treated at a pressure of 1 torr 
and an output of 0.3 KW for 30 sec in an air atmosphere by a 
microwave plasma treatment apparatus (made by Toshiba 



17 



Corporation, TMZ-2032 type). The tensile rupture strength, the 
wetting index, the water permeation rate, and the fractionated 
molecular weight of the film were shown in Table II. Also, m 
dyeing of the cross section of the treated film with an aqueous 
solution of anthraquinone blue SWF, a color generation was seen 
in the surface layer part of the film cross section. 

Next, the film was dipped into an aqueous solution of 50 wt% 
ethyl alcohol and washed with water. The water permeation race 
and the fractionated molecular weight of the film were also 
described in Table II. 

Furthermore, after contacting the film with the air in 
water, the water permeation rate and the fractionated molecular 
weight were also described in Table II. 
Application Examples 2-4 and Comparative Examples 1-4 

Similarly to Application Example 1 except for adopting the 
conditions shown in Table II for the microwave plasma treatment 
in Application Example 1, a treatment was carried out. In dyeing 
of the cross sections of each treated film with an aqueous 
solution of anthraquinone blue SWF , a color generation was seen 
in the surface layer parts of the film cross sections in 
Application Examples 2-4, however in Comparative Example 1 and 3, 
the color generation of the surface layer parts was insufficient. 
In Comparative Examples 2 and 4, the color generation was seen in 
the entire layers of the film cross sections. 

The characteristics of the films obtained were also 
described in Table II. 
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Application Example 5 

Similarly to Application Example 1 except for dipping the 
film after the microwave plasma treatment into an aqueous 
solution of 1 wt% scda alkyl naphthalenesul f onate of an anionic 
surfactant (Pellex NB Paste, made by Kao Soap K.K.) for 10 sec 
and drying it with the air in Application Example 1, a treatment 
was carried out. The characteristics of the film obtained were 
also described in Table II. 
Comparative Example 5 

The polyethylene porous film of Referential Example 2 was 
subjected to a microwave plasma treatment similarly to 
Application Example 1, so that a hydrophilic polyolefin pcr:us 
film was obtained. However, the film was broken at a water 
pressure of 3 80 mmH 2 0 . 
Comparative Example 6 

The polyethylene porous film of Referential Example 3 was 
treated similarly to Application Example 2. The characteristics 
of the film obtained were also described in Table II. 
Application Examples 6 and 7 

Similarly to Application Example 1 except for using the 
polyethylene porous films of Referential Example 4 (for 
Application Example 6) and Referential Example 5 (for Application 
Example 7) and applying the microwave plasma treatment under the 
conditions shown in Table II, a treatment was carried out. In 
dyeing of the cross sections of each treated film with an aqueous 
solution of anthraquinone blue SWF, a color generation was seen 
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in the surface layer parts of the film cross sections. 

The characteristics of the films obtained were also 
described in Table II. 
Application Example 8 

Similarly to Application Example 1 except for dipping the 
film after the microwave plasma treatment into an aqueous 
solution of 50 wt% ethyl alcohol and not washing it with water 
Application Example 1, the water permeation rate and the 
fractionated molecular weight were attained. The charact erist i 
of the films obtained were also described in Table II. 
Application Example 9 

Similarly to Application Example 1 except for dipping the 
film after the microwave plasma treatment into a pure ethyl 
alcohol and not washing it with water in Application Example 1, 
the water permeation rate and the fractionated molecular weight 
were attained. The characteristics of the films obtained were 
also described in Table II. 
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KEY TO TABLE II . 

1 . Example 

2. Treatment conditions 

3 . Characteristics 

4. Pressure (torr) 

5. (A) Microwave output (KW) 

6. (B) Irradiation time (sec) 
7 . Atmosphere 

8. Tensile rupture strength (kg/15 mm in width) 

9. Wetting index (dyne /cm) 

10. Water permeation rate (1/nrh-atm) 

11. Fractionated molecular weight (x 10 4 ) 

12. After secondary treatment 

13. After air contact 

14. Water permeation rate (l/m 2 h*atm) 

15. Fractionated molecular weight (x 10") 

16. Water permeation rate (l/m 2 h*atm) 

17. Fractionated molecular weight (x 10 4 ) 

18. Application Example 1 

19. Comparative Example 1 

20. Air 

21. Nitrogen 

22. Film breakage 
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(Effects of the invention/ 

The colyolef in pcnus film of the present invention exhibits 
a hydrcphil ici ty with a wetting index of 54 dyne/cm or more by 
the primary treatment for selectively activating only the surface 
layer part of the surface and the back face of the film by a 
plasma treatment. Furthermore, the film exhibits an excellent 
water permeability by the secondary treatment for making the 
porous surface of the film hydrophilic with a water-soluble 
organic solvent or surfactant. As for the water permeability of 
the film, with the selective hydrophil icity of the surface layer 
part of the film, since the moisture substituted and held m the 
porous part of the film or the surfactant attached is not easily 
separated or peeled off by the contact with the air, the film has 
a water permeability with excellent durability. 

Also, the selective hydrophilicity of the surface layer part 
of the film does not decrease the mechanical strength of the 
film, and since the film is highly swollen in water, the diameter 
of the through holes is expanded, so that the substance 
separability is not lowered. 

Thus, since the polyolefin porous film of the present 
invention is excellent in strength, hydrophilicity and its 
durability, and separability, it is useful for various kinds of 
water treatment fields. 



